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SEQUESTERED REACTIVE MATERIALS 



This patent application claims priority to U.S. Provisional Application Serial No. 
60/464,879 that was filed on April 23, 2003. 

5 

FIELD OF THE INVENTION 

This invention relates to fibrous assemblies that sequester reactive components. 
The invention is fvfrther directed to fibrous assemblies that can be used to deliver reactive 
components to targeted locations. Still further, this invention is directed to fibrous 
10 assemblies that can be used in performing chemistry at specific locations. 



BACKGROUND OF THE INVENTION 
There is a well-known need for performing site-specific chemistry. 
Site-specific chemistry is useful in a number of applications wherein a reaction 
15 product camiot be readily delivered to a targeted location. A nonlrmiting example of such 

a reaction product is a gaseous-phase composition. Nitric oxide is a specific example. In 
order to introduce a gaseous-phase composition to a target location, a reaction that 
produces the gaseous-phase reaction product can be performed at the target location. 
Therefore, the art needs a composition or method that can deliver reeictive components to 
20 the target location in proximity to each other so that the reactive components can come 

into contact and react to thereby form a reaction product 



SUMMARY OF THE INVENTION 

In general the present invention provides a fibrous assembly comprising a first 
25 fiber that sequesters a first reactive component; and a second fiber that sequesters a second 

reactive component, wherein at least the first or second fiber releases its reactive 
component when the fiber is in the presence of a releasing agent, and wherein when the at 
least first or second fiber releases its reactive component, the first and second reactive 
components react with each other to form a reaction product. 
30 The present invention also provides a method for preparing a fibrous assembly 

comprising the steps preparing a first fiber that sequesters a first reactive component; 
preparing a second fiber that sequesters a second reactive component; and incorporating 
the first and second fibor into a fibrous assembly, wherein at least the first or second fiber 
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releases its sequestered reactive component when that fiber is exposed to a releasing agent, 
and wherein when at least the first or second sequestered reactive component is released 
firom its respective fiber, the first and second reactive components react with each other to 
form a reaction product. 

The present invention fiirther provides a medical-treatment method comprising the 
step treating a patient with a fibrous assembly, wherein the fibrous assembly has a first 
fiber that sequesters a first reactive component; and a second fiber that sequesters a second 
reactive component, wherein at least the fii^ or second fiber releases its reactive 
component when that fiber is exposed to a releasing agent, and wherein when at least the 
first or second reactive component is released from its respective fiber, the first and second 
reactive components react to form a reaction product. 

The present invention fiirther provides a method for creating an epoxy-type 
adhesive comprising the step adding a releasing agent to a fibrous assembly having a first 
fiber that sequesters a urethane prepolymer and second fiber that sequesters a diamine, 
wherein at least the urethane prepolymer or the diamine is released fi-om its fiber when 
that fiber is in the presence of the releasing agent, and wherein when at least the urethane 
prepolymer or the dianmie is released fiom its respective fiber, the urethane prepolymer 
and diamine react with each otiier to form an epoxy-type adhesive. 

The present invention fiirther provides a fibrous assembly comprising a first fiber 
that sequesters a first reactive component, wherein when the first reactive component is in 
the presence of a releasing agent, the first reactive component reacts with the releasing 
agent to produce a reaction product. 

DETAILED DESCRBPllON OF ILLUSTRATIVE EMBODIMENTS 

This invention is generally directed to compositions and methods that relate to a 
fiber that sequesters a reactive component and then releases the reactive component when 
the fiber is closed to a releasing agent. 

This invention is more specifically directed to compositions that are constructed 
with at least one fiber that sequesters and then proceeds to release a reactive component 
when the fiber is essposed to a releasing agent. Once released fi*om the fiber, the reactive 
component preferably reacts witii another reactive component to form a reaction product 
that is preferably tailored to a particular application. 
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The invention is further directed to compositions constructed with two or more 
fibers that sequester and then release reactive components when at least one of the fibers is 
exposed to a releasing agent. More specifically, the first fiber sequesters and can release a 
first type of reactive component, and the second fiber sequesters and can release a second 
5 type of reactive component. Preferably, when the two fibers are exposed to a releasing 
agent(s), both types of reactive components are released fi-om their respective fibers and 
preferably go on to react with one another to form a reaction product that is tailored to a 
particular application. 

A reactive component is sequestered by a fiber when the reactive component is 
10 mechanically bound within the fiber, chemically bonded to the fiber, otherwise attached to 
the fiber, or combinations thereof. Being mechanically bound within a fiber means that 
the reactive component is physically restrained or teihered within tiie fiber. And this 
understanding contemplates that the reactive component may not be completely 
encapsulated within the fiber and that a portion of the reactive component may be exposed 
15 at the fiber surface. 

Simply put, a reactive component is chemically bound to a fiber if there is a 
chemical bond that attaches the reactive component to the fiber. 

This invention's fibers are not limited by any characteristic dimension or any 
method of preparation. For example, the fibers are not limited to any particular diameter, 
20 length, denier, or other physical characteristic. But preferably, the fibers are nanofibers, 
and more preferably they are electrospun nanofibers. Alternate methods of preparation 
can also be used to manufacture the fibers- one such method prepares the nanofiibers by 
gas-jet methods (NGJ). NGJ methods are well known to persons of ordinary skill in the 
art 

25 When sequestered by a fiber, the useful physical form of a sequestered reactive 

component is not limited to any particular form. On the contrary, a sequestered reactive 
component can take a variety of physical forms. Nonlimiting examples of usefial physical 
forms of sequestered reactive components are: a particle, a dissolved molecule, a fibrous 
skeleton created by electrospinning, a uniform coating on the surface of the fiber, a ribbon, 

30 a tube, a gas-filled pore, a fluid-filled pore, or a compound chemically boimd to an ion- 
exchange-resin bead, or a combination thereof. 
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When sequestered in the form of a fluid- jBlled pore, nonlimiting examples of the 
fluid are a wax, oil, oligomer-containing fluid, low-molecular-weight liquid, or 
combination thereof. 

Nonlimiting examples of reactive components that can be sequestered by a fiber 
5 include: a carboxylic acid, an ascorbic acid, potassixun nitrite, a nitrite, a urethane 
prepolymer, a diamine, and a diol. 

There are no upper or lower limits on either the number or concentration of 
reactive components that can be sequestered by a single fiber. 

There is no limitation on the different types of reactive components that can be 

10 sequestered by a single fiber. In fact, any reactive component that can be sequestered by a 
fiber can be used in this invention. There is additionally no limit on the number of 
different tj^pes of reactants that can be sequestered by a single fiber. In one embodiment, 
one type of reactive component is sequestered by a single fiber. In another embodiment, 
there are two or more distinct reactive components that are sequestered by a single fiber. 

15 Anything that, when exposed to a subject fiber, triggers the release of a reactive 

component firom the subject fiber is useful as a releasing agent. There is no limitation on 
vjfhat can be used as a releasing agent. Nonlimiting examples of useful releasing agents 
are: a solvent, a signaling substance, radiation, heat, a mechanical force, a charged 
particle, an electron, a magnetic particle, a magnetic field, forces from a flowing fluid, 

20 hydrostatic pressure, mechanical deformation, or a combination thereof. 

There is no limit on the methods that can be employed in preparing fibers that 
sequester a reactive component or substances. Reactive components can become 
sequestered by a fiber either during or after the fiber manufacturing process. As a 
nonlimiting example of sequestering a reactive component during the fiber's 

25 manufacturing process, one «cemplary method sequesters a reactive component directiy 
into a fiber during an electrospinning process. This is achieved by adding the reactive 
component(s) directly to an electrospinnable solution and then electrospinning that 
solution. During the electrospinning process, the reactive component becomes 
sequestered into the fiber. Electrospiiming and its parameters are well knoAvn, and a 

30 person of ordinary skill in the art will be able to sequester a reactive component into a 
fiber via electrospinning methods without having to perform undue experimentation. 

The concentration of reactive components within an electrospinnable solution is in 
no way limited by an iq)per or lower limit. Useful concentrations can easily be determined 
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by persons of ordinary skill in the art without having to perform undue experimentation. 
The desired concentration of reactive components that are to be sequestered by a fiber will 
help to determine the concentration of reactive components that need to be present in an 
electrospinnable solution. And the electrospinnable-solution concentrations can easily be 
5 determined. 

In another embodiment, reactive components are sequestered into a fiber during 
fiber manufacture by a nanofiber-by-gas-jet (NGJ) method. This is achieved by adding 
the reactive component to the fluid mixture that is to be used in the NGJ method. NGJ 
methods are well known, and a person of ordinary skill in the art will be able to prepare 
10 NGJ fibers having sequestered reactive components therein without having to perform 
undue e3q)erimentation. 

The concentration of reactive components within the NGJ fluid mixture is in no 
way limited by an upper or lower limit. 

Useful concentrations can easily be determined by persons of ordinary skill in the 
15 art wdthout having to perform imdue experimentation. The desired concentration of 

reactive components that are to be sequestered by a fiber will help to determine the 
concentration of reactive components that need to be present in an NGJ fluid mixture. 
And the NGJ fluid mixture concentrations can easily be determined. 

This invention's fibrous assemblies typically have at least two distinct fibers that 
20 each sequester reactive components. More specifically, a first fiber sequesters and can 
release at least a first type of reactive component, and a second fiber sequesters and can 
release at least a second type of reactive component. When both of the fibers are exposed 
to a releasing agent(s), both the first and second type of reactive components are released 
firom their respective fiber and preferably proceed to react with each oflier. The fibrous 
25 assemblies are therefore well suited for delivering chemically reactive components to a 
targeted location. Fiulher, a fiber's release of reactants is regulated by the timing of the 
fiber's exposure to a releasing agent. 

Within one embodiment of a fibrous assembly, the first and second distinct fibers 
are preferably positioned proximate to each other so that when the fibers release their 
30 reactive components, the reactive components can react with each other. In order to 
position the at least two distinct fibers proximate to each other, the fibers are preferably 
woven together or at least placed in contact with one another at at least one location on 
each fiber. And there is no limitation on the different fiber constructions that can be 
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employed in this invention. A nonlimiting example of a preferred embodiment for 
positioning the fibers proximate to each other is to contact a nonwoven mat of a first fiber 
with a nonwoven mat of a second fiber. More preferably, the two nonwoven mats are in 
contact and overlap. 

In another embodiment, a fibrous assembly has at least a first fiber that sequesters 
a first reactive component. And when the first reactive component is in the presence of a 
releasing agent, the first reactive component reacts with the releasing agent to produce a 
reaction product. The releasing agent can also serve the purpose of releasing the first 
reactive component &om the first fiber. In this particular embodiment, a second fiber is 
not required to be part of the fibrous assembly, and a chemical reaction occurs between the 
releasing agent and first reactive component Further, within this embodiment, the fiber 
can be manufactured entirely from the first reactive component. 

The fibrous assemblies are useful for delivering reactive components to targeted 
locations and as a result, there is no limit on how the assemblies can be used. A preferred 
use for a fibrous assembly is a nitric-oxide releasing medical dressing directed to treating 
wounds and other lesions of the skin- such as warts. In another embodiment, the fibrous 
assembly is usefijl is creating epoxy-type adhesives. 

In order to demonstrate the practice of the present invention, the following 
examples have been prepared and tested. The examples should not, however, be viewed 
as limiting the scope of the invention. The claims will serve to define the invention. 

EXAMPLES 

Specific Examples 

A nanofiber assembly contains at least two types of fibers, each sequestering a 
reactive component, in this example, fiber one contains ascorbic add; fiber two contains 
potassium nitrite. Ascorbic acid and potassium nitrite may or may not be soluble in the 
polymer solution prior to electrospinning. Fiber polymers may or may not dissolve in 
water. Fiber mat formed above, when exposed to moisture, releases ingredients to give 
ascorbic acid and NO2" , which react to form nitric oxide (NO). Alternatively, niti-ate 
and/or ascorbic acid may be immobilized such as by being adsorbed onto an ion exchange 
rean bead, vMch is then incorporated into polymer fibers or nanofibers. One or more of 
the bead-bound reactive conq)ounds, will therefore not leach fi»m the fib«s on exposure 
to moisture, but will only react Ui situ on ibs bead. For example^ ascorbic add may be 
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incorporated into a first nanofiber and ion exchange resin bead-bound nitrite may be 
incorporated into a second nanofiber. Neither component will leach firom the fibers in the 
absence of moisture. However, on exposure to a solvent for the polymer of the first fiber, 
or another compound which allows release of ascorbic acid firom the first fiber, the 
ascorbic acid will be released and react with the bound nitrite, releasing nitric oxide. 
Intervening layers of fibers may also be incorporated to regulate the migration of ascorbic 
add to the nitrite containing fibers. 




A = Ascorbic Acid 
N = K+N02' (nitrite) 



In another example, one type of fiber contains a urethane prepolymer, while a 
second fiber contains a crosslinker as shown schematically below. 




U = urethane prepolymer (Hypol™) 
DA » diamine (crosslinker) 



wo 2004/094050 



PCT/US2004/012673 



8 

No reaction will occvir until the nanofibers dissolve or swell in solvent. 

Fiber assemblies as described above are envisioned as being use in nitric oxide- 
releasing medical dressings for the treatment of wounds and other lesions of the skin such 
as warts. This method may also be useful in other fields where the sequestration of 
reactive component is desired, such as in the creation of epoxy-type adhesives. 

Various modifications and alterations that do not depart fi:om the scope and spirit 
of this invention will become apparent to those skilled in the art This invention is not to 
be duly limited to the illustrative embodiments set forth herein. 



